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SYNOPSIS

An autocorrelstion technique was used to determine the periodicity

underlying successive recurrences of specific sleep states (Quiet
Sleep and Active S.eep). émw of short (2-3 hour) polygrsphic
records end individual all night recordings were snalyzed,

Act.ive Sleep snd Quiet Sleep periodicities at 32 weeks concep-
tional ege were 12 minutes At 36 veeks, 4O veeks (term), end 1, 3
end 8 months, the periodicity of both Active end Quiet Sleep wes .
consistently in the 40-60 minute range. At o1l sges, the cycle time
of one stste wes consistently longer than the other.

The sppesrance of clesr periodicities underlying both states
end the similsrity of the periodicities found in 36 week records to
those found in much older infants' records indicated thet this bio-
logical rhythm is basic to humen CRS functioning. The Index of
Rhythmicity velues in these records and other investigetors' date
suggest thet this rhythm reaches & msture form by 36 veeks post-

concept ion.

Kesr Words: premstures
infents
sleep
periodicity
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Along with 1nvestigators in every eres of the biologicel sclencea,

sleep resesrchers have becone increscingly ewere of the poeuibilﬁty thet
regular recurrences of given phenomens mey exist end that te-poral
orgenization is en important,_if not besic, sapect of an orgenism's
behavior. An orderly, cyclic progression of sleep activity hes been
known. for sone‘tlme end studied in both human infants snd adulis.‘
Some of the esrliest studies of infsnts focused 8s much on the tem-
porel organizetion of sleep behavior es on its behaviorsl and phy-
siological components (Kleitman end Ené?lmann 1953; Aserinsky end
Kleitmen 1955). ‘ '

Since numerous biological periodicities eppear to be endogenous
to the organién and sensitive indicetors of changes in the surrounding
milieu, both externsl snd internsl, it is of interest to know. how
‘early {n the life of the humen orgsnism one cen find such periodi-
cities. The messurement of verisbles related to sleep stetes is
of adéiiional interest &s an index of neurologicel integration and
CNS functioning. b

Differences in fetal activity as & function of gestetional sge
have not been found (S;eruan end Hoppenbrouvers 1971). Activi%y
levels end rhythmicity, recorded in utero, were said to be compersble
ot points es fer apert es 21 end 39 weeks conceptional sge. But such
records sre of necessity limited to messurement of motor act ivity.
While the presence or absence of motor sctivity is e commonly sccepted
eriterion used in discriminsting emong sleep ststes, it does not ellow

for distinguishing between Active Sleep &nd wvakefulness, for exsmple.

Polygrephic recording of the prematurely born infent fecilitetes the
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l ’
ontogenetic essessment of cleerly delineeted and neurophysiologicslly

meeningful states. '

Investigators heve difrered in their definitions of specific
sleep stetes in infants. However, the problem of defining sleep
cycles has proven more perplexing yet. Questions of sequence end
the inclusion or exclusion of weking periods have been resolved in
a variety of vgys , depending on the resesrcher's bisses end goesls.
The method employed in this séudy hes the sdvantege of avoiding the

need to srbitrerily define s nycle.

" METHODS
Polygrephic recordings of respirst ion: eye movements, body
movements end electroencephslographic (EEG) sctivity were made on
a8 16 chennel Grasss Model A electroencephslogrsph, using previously
described technigues (Permelee, Schulte, Akiysms, Wemgr, Schultz
and Stern 1968). Tvo types of recordings were exemined: & limited
series of all night trecings and an extensive series of shorter

recordings.

Short records. A-totsl of 18 normsl prematures snd 20 full

terms constituted the sample, but meny of the infents were recorded
at more then one sge, Premsturely born infents, renging from 27 to
37 weeks geststionsl sge, were recorded at 32 weeks conceptionsl ege
(n = 10), 36 veeks (n = 1k), 40 veeks (n = 12) end 3 end 8 months
pest term (n = 11 st both eages). Full term infants were recorded
within the first week of life (n = 16), et 3 months (n = 13) and

8 montha'(n = 10).
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The records were 2-1'3 hours in length. Respirstion psttern, eye
movements end body movement were coded sepesrately for eusch pege (20
seconds), wvhich wes then classified 8s Quiet Sleep (Q,S‘), Active Sleep
(As), 'I'ransi.tional Sleep (TS), or Aweke by computer. If the infent's
eyes vere open, he was considered t.o be Aweke, For s page to be
clessified a8 QS or AS, mul.tiplle criteries hed to be met simultsneous-
ly (QS:‘ regulsr respiration pettern, sbsence of eye and body movements;
AS: irreguler réspiration pettern snd presence of eye movements).
,.Pagee not mceting the criteris for these states vere classified ss
TS In Addition, 8 minimun durstion of 1 minute was required in order
for a state to be considered seperstely from the preceding one; stste
shifts of shorter duration were ignored snd counted ss part of the
preceding stste.

All night records. Four normal full term infsntg were recorded

at verious eges: one at 1 week sfter birth, three et 1 month, o;ze
et 3 months, snd three at 8 months. The records were between 10.5
eand 11.5 hours in iuration. All subjects were allowed to fall
esleep and svaken spontaneously end were fed on demand.

Peges of these records were visuslly clessified into QS, AS,
TS or Awske by the EEG, technicien, using the same criteris es speci-
ri.ed for computer clessificstion. However, since the EEG tracing wes
readily eveileble for 1nséection, undoubtedly influencing her judgment,
snd the critcris were not as rigidly spplied as in coﬁ:puter clessifice-
tion, this coding method produced slightly different desta then if these
trscings hed been enalyzed in the same wey as the short records. A
3 hour segment of one of the all night trascings wes snslyzed by both

methods; a psge-by-pege comparison yielded Th% agreement ,7 the ms jor
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difference being thet the technicisn tended to overlook short periods

|
labelled as TS by the computer end considered them to be pert ofi the
on-going state,

|
. ‘ i
Data eneslysis. A-simplified sutocorreietion method for time

series vas spplied to each record (Giobus 1970b). Two computer pesses
were msde on eacli record. On the Tirst, ell QS pages were coded es
"}" and 81l other stetes es "0" to determine the periodicity of QS.
On the second, the AS peges w;erwe coded 88 "1" snd the rest as "O".
After esch sequence of "0"s end "1"s wes genersted, en sutocorrelstion
ves performed. The lergest lag waes srbitrerily set et 2/3 of the
number of peges in the entire record, eech lag being s displecement
of 20 seconds. The lagged time series wes not looped, so that one
deta point wes dropped for eech successive legged series generated.
The number of correspondences between the "0"s end "1%s 1in the
originasl end the lagged series, after & correction incorporsted to
accounf for more "O"s then "1"s, yields s percent agreement figure
et each lag. The leg at which the percent sgreement 1-s highest
represents the ﬁeriodicity underlying recurrences of the seme stste.
The magnitude of the percent sgreement (cslled the Index of Rhythmi-
city) indicates the stremgth of the correspondence between the
series. If, es in sdults, for exsmple, there is & 90 minute rhythm
to successive REM periods, there would be very few correspondences
between the originel end legged series at & leg of 45 minutes end the
Index of Rhythmicity (IR) would be lov. At & 90 minute lag, the IR
would be high becsuse slmost the totel number of possible correspon-

dences would occur. On the other hand, if the recurrence of REM

periods were quite verisble, the periodicity derived from the date
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might still be sround 90 minutes but the strength of the periodic':ity,
i
i

the IR, would be lover,
The IR for the deta presented here is the trough-to-peek differ-
ence in percent agreeuént, not the sbsolute value of percent sgreement

st the pesk.

RESULTS

There were no significant differences between premsturely born
and full term infents at 4O weeks conceptionsl sge (term) end 3 end
8 months pest term; therefore the dasta reported fo;- short records st
these sges combine the groups.

A geners]l limitstion on the results obtained from short records
is that, even though coding esch 20 second page of & record generated
an sversge of U38 dste points per record, this is not reslly e suffi-
cient number of points to yield highly relisble sutocorrelstion
estim.tés. Another limitetior is thst problems encountered in sns-
lyzing the short records necessitsted discerding e number of records.
In some csses, the short record did not contain more than one period
of QS or AS, thereby m;king it impossible to determine periodi;:ity.
In & few rere ceses, the state did not eppeer at 8ll in the course
of the recording. In some additionel ceses, the periodicity of QS or
AS wes difficult to determine with any confidence (Figure ;). The
final number of records used is shown in Tadble I.

The AS and QS periodicities found in 811l night snd short records
after 32 weeks conceptional age fell within & relstively nerrow time
renge (Teble II). At 32 weeks, both AS end QS periodicities ere ex-

_ tremely short. The U4 records for which AS periodicity could be deter-
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mined st 32 veeks had velues of 7, 12, 17 end 78 minutes. A test,

for extreme values showed/'{S to bé‘a significent outlier (p (.02),

so thet only' the first three velues were considered in cslculating

the sversges (Dixon and Massey 1957).

- In generel, ‘l;he ﬁguret.: based on sll night records are compsreble
to those derived from short records. The lesser verisbility among
#ll night dete et 1 and 8 months indicetes that these estimetes ms;
be more relisble. The most glering discrepancy tetveen peridocity
in 811 night snd short records occurs in QS et UO weeks. Infent PS's
value 18 considersbly shorter than the mesn of 63.9 minutes for the
group dete, and only one short record had e shorter QS cycle time.
Without more all night records et this age, it is of course difficult
to sey whether PS's velue is tx;uly at the lower extreme of the renge
and/or whether the group mear; is sn over-estimate éf the periodicity
underlying QS st 40 weeks,

I_n'a further effort to exemine the reliebility of the periodicity
estimetes, the 8 ell night record}'vere divided into fourths end each
querter trested as if it were @ seperste record (1438 peges in length).
The mesn pe‘riodicitiesiof these "ertificiel short records"” ere com-
pa.rable to those calculated from the group short records end the indi-
vidusl ell night records ('Table II). Comperisons of the variasnces of
the group short records and the ertificiel short records showed that
there wes significently less veriebility in dete derived from multiple
records from the seme subjects (Teble III). Kot surprisingly, then,
inter-indiv'jual differences sppeesr to be as importent e factor es
record length in determining veriebility. When some of the inter-in-

dividual.variability wes controlled by constructing multiple short




records from 2 smell nunber of individuals, the stenderd devistions
. were reduced.

At »8ll ages, the periodicity in one stste was consistently longer
then in the other. At 32 !:';eeks, for 2 out of 3 8s, Q,S.‘ periosdicity wes
longer thsn AS; at 36 w.eeks, QS periodicity was lox;ger inell 4 Ss.

At 40 weeks (n = 1k) and 3 months (n = 13), QS periodicity wes elso
more often longer than AS (p< .05, Wilcoxon mstched-pairs signed-renks
test). But et ‘8 months, tiis-vas reversed snd AS periodicity wes con-
sistantly longer (n = 1k, :)(.05, Wileoxon). )

However, there wes no correlstion et sany ege between the length
of the AS snd QS periodicities. Thus at 40 weeks, for exemple, while
ep infant's QS cycle time was likely to be longer .than his AS cycle
time, it ves not possible to predict whether the QS to QS interval
would be very much longer or only slightly fange’r then the AS to AS
intervel.

The IR did not show eny meturstionsl trends (Teble IV). The
higher sgreement shown in short records, whether group or srtificiel,
is to b.e expected because of the msnner in which the IR is calculsted.
The IR wes higher in QS for 2 out of 3 Ss st 32 weeks end 3 out of h
ot 36 weeks. At 4O weeks snd 3 months, there were no significent
differences, but st 8 months, the IR wes more frequently great'er in
AS then in @S (n = }h, p<.0l, Wilcoxon). As with periodicity, there

vas no correlation st any sge between the magnitude of the IR in

AS and QS.
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DISCUSSION

The periodicities discussed in this peper should not be confused
with the length of time a st.ate is maintsined, Periodi;:ity refers to
the time elepsing betveeil successive recurrences of the ssme steate,
vhich is independent of the du_rat fon of an AS or QS period.

As previously noted, e number of short records were eliminated
from the finsl a.nalyeis. Two linen of ressoning cen be edvenced to
sccount for records in which cycling was difficult to eveluste.

First, one can hypothesize that there is in fect no perlodicity
snd the indeterminste results in these records reflect the fragmented
nature of sleep in the very young infent. This is éssentially 8
maturstional hypothesis. At 32 snd 36 weeks, AS and QS episodes
tend to be short, very greetly in durstion and recur frequently,
in contrest to AS or QS episodes st 3 snd 8 months, when states
are generally susteined for considersbly longer periods of time &nd
less frequently interrupted by short periods of other ststes. However,
the dets revesled no age-related petterns in the number of records
Judged difficult to evaluste (Table 1),
Secondiy, one cen hypothesizz that sleep cycling mey be more

‘ unsteble during the fiz:st pert of the night then later on and ihat,
therefore, short sleep records representing only the early portion
of the night cen be expected to yield sme records in which the periodi-
city camnot be determined. When the all night records vere trested as
multiple short records, the number of such records for which A8 or QS
periodicity wes undeterminsble was highest in the lst querter (37%),

lowest in the 2nd quarter (6%) snd intermediste in the 3rd end Lth
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quarters (25%). Thus, instability of sleep during the esrly part; of
the n.ghi in not & sufficient explenstion, since alngst a8 meny 4nusab1e
records were found during the last half of the night. - In eddition,
veking for the late night feeding did mot influence the measursbility
«f succeeding portions cf the record in any consistent menner, mdking
it appeér unliXKely that the emount of time elapsing since sleep |
cuset is the determining factpr. B

The date on hand, unfortunately, do not sllow one to clesrly
reject either line of reasoning. Without more extensive longitudinsl
data,.the poassibility cemnot be ruled out that cycling msy be inherent-
ly "week" or nonexistent in a certein proportion of any semple of very
young normel infants, even when recorded sll night. On the other hend,
lacking evidence of any distinct maturstionasl trends, we feel Justified
in essuming thﬁb the source of inedequete records is their trevity
per 3e, not the orgsnism, 8o thet the results obtaiﬁéd from the remain-
ing short records msy be congsidered to be representative of the periodi-
cities occurring in QS and AS et those age lavels.

The consid;rahle statisticsl variaﬂility that plagu;e investigators
dealing-with infant neurophysiological data is evident in these dets ss
well., Stendard deviations of 10 minutes or greater are common in
reports of infents' cycle.length, all determined in widely varying
vays (e.g., Monod and Pajot 1965; Stern, Parmelee, Akiyems, Schultz
end Wenner 1969). Hovever, it must be noted that similerly large
standard devietions were reported for intra-~individual dat; based on
repested recordings of edult subjects (Globus l970b).‘PAfter reviewing

svailable dete from infents, Stermen and Hoppenbrouvers (1971) concluded

N
".J-//
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thet cycle durstion is Jériable at sll pges but is definitely shorter
in the term newborn then in older infants. While egreeing with the
first psrt, the present results contrsdict the second part of their
conclusiou.. AS periodicity chenges very little efter 4O weeks snd
QS periodicity sppears to decreaie; '

What is even more surp‘rising is that sléep state periodicity st
88 eerly en sge us. 36 weeks is very close to that of much older ir-
fents. The consistency with which de‘a on cycle lengths, r es.
of how defined, sll within the 40-60 minute renge is striking .

A diat{pct periodicity is present st sll eges, both in QS and
in AS. Treesting the periodicity of esch staste separstely is not
redundant, since the original datas were classified into four ststes.
It is poasible to conceive of e model in which the recurrence of,
sey, AS is entirely reéular but that of the other states highly
unpredicteble. Tast such s model is not correct is shown by the fact
thet QS periodicity wes present st sll sges., Similerly, Globus (1970s)
hes shown that in edults Stages 2 end 3-k, as wvell es REM, have a cleor
periodicity., Furthermore, the percent sgreement of the IR indicetes
that the fit between lsgged series wes comparsble in AS and QS. This
comperebility implies that the stsbility of the underlying neuro-
éﬁ&si&lbgical processes is the ssme in both stetes. v

The marked change in'periodicity between 32 end 36 weeks msy be -
sttributable to the repid CNS maturstion during this period noted@ by
investigators studying sge-related chenges in other sress of function-
ing. Neonatel mortelity risk hes been cslculeted to be from two to ten

times 88 grest for infents born at 32 weeks geststion gs for those born

S
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sround 36 wveeks {ven den Berg end Yerushslmy 1966; Behrmsn, Besbsén end
Lessel 1971; Betteg].'ie end Lubchenco 1967). Notsble chenges in the
auditory evoked reeponee pettern end photic response letencies firat
eppesr eround ?5-37 veeks (Mel 1963; Weitz an and Grezieni 1968)
Meture respc. .3 . a munber of neurologic tests were reported to
rirst occur st _35 veeks or during the 32-36 week period (Grazieni,‘
Weitzman snd Velssco 1968). Chenges Sn certein EEG chsracteristics,
including the appearsnce of a sleep cycle described es "reminiscent
of the sdult's”, suggested to Dreyfus-Brisac (1966) "a grest chenge
in the functioning of the brain at 37 weeks conceptionsl sge. Our
snterpretation of this phenomenon is that functionel interrelations
between cortex and reticuler formation appesr st this pericd of
developreni  Ccrtical development also becomes importent et this
period.” .
Betveen 32 and 236 weeks the infant undergoes e perticulerly
rapid .p'eriod of functional and atructural CNS developlﬁent. The
very survivel cf @ 32 week premsture can be in grave doubt wheress
the 36 veek premature has slresdy resched @ level of maturity similsr
on many meaeuns to that of the much older infent., From these ob-
ee;'vetions end the present data, the 32-36 week period would sppeer
to be the most fruitful aée range for intensive study of human brein
maturstion.
s We hsve long sssumed that sleep stetes become more stable with
meturstion. Such cheracteristics s the simultaneity of verious non-EEG
messures, the essociation between EEG petterns snd non-EEG perameters,

and the length of the given staste all incresse from the premsture period

to 8 uonthe past term (Parmelee and Stern 1972). The IRs however show-

L4

: pﬂ no systematic change with sge and in fact are very close to those

re‘ported for adults, in vhom the range wes 36.2 to 62.6% (Globus 1970b ).
-12-
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This finding, elong with the existence of 8 clesr periodicity st ;ll
ages and an eoaentioily unchanging periodicity sfter 32 veeks coJ-
ceptionsl sge, 1ndicat;a that the perticuler biologicai rhythm un%er
investigetion is extren;ly fundemerteal, its neuropq&siological ex-
pression being es .fully devélppbd in the othervise jmmature orgsnism

as in the adult,
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 TABLE I i
NUMBER OF MEASURABLE RECORDS ;
OUT OF TOTAL NUMBER ANALYZED

~n

o
Totel . Records with Records with

Records Messursble AS Messurable QS
Anelyzed " Periodicity Periodicity
- n $ n
32 wks, 10 T - 60 6
36 wks. 1k n 10 28 4
4O wks.-Prematures 12 58 T 58 7
-Full Terms 16 88 11 56 9
3 mons. -Prematures 1 g2 9 82 9
~-Full Terms 13 62 8 69 9
8 mons.-Premstur;es 11 73 8 100 11
Tt : -Full Terms 10 60 6 90 9 ‘,
te -
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TABLE III
VARIABILITY OF PERIODICITY {MINUTES)

ACTIVE '"SLEEP QUIET SLEEP

Short Artificiel Short Artificiel
Records  Short Records Records  Short Records
(s.d.) (s.4.) (s.4.) (s.4.)

32 wks, 5.0 2.7

36 wks. 23.6 2.9

4O wks. 16.9 18.1

1 mon. 8.7 k.o

3 mons. 12.3 . 14,0

8 mons. 17.2% 6.0 L, T 5. 1%

* F=B.5 df = 13,9, p<.0L

# F = 8.3, df = 19,9, p< .01
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CAPTION
Figure 1. Plots of sutocorrelstion i-euulta from tvo infants' records
at 4O weeks conceptionsl sge. -Aﬁ AS periodicity, strongest st o log
of 51 minutes, is clearly seen in the "messursble” record. No dis-
tinct AS periodicity could be determined in the other record; therefore

the dete vere discarded.
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